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Screwed Connection 



STATE OF THE ART 

The invention relates to a screwed connection, particularly for screwing together housing 
parts with a series of fixing screws composed of a bolt head, a screw shank and a screw 
thread, wherein the fixing screws project with their screw shank through a matching bore of a 
housing top and are screwed with the screw thread into an intemal thread of the bottom part 
of the housing that matches the screw thread, so that the fixing screws are shore up at the 
housing top and connect the top with the bottom part of the housing in a way that the 
connection can be released. 

Often leakage occurs at screwed connections of housing parts due to manufacturing 
tolerances, material ruptures and uneven surfaces. This holds true for example for flange 
connections of gear- or crank shaft housings for vehicles, where special demands are made to 
the tightness of such connections, as these connections must stand high oil pressures to avoid 
damage caused by leaking oil. Here it is vital to prevent oil which penetrates through the 
leakage into the screw bore via the bolt heads of the fixing screws from pressing outwards. 

It is common practise, particularly with rotationally synunetric flange connections, to use ^ ^ 
multi screwed connections, i.e. a series of fixing screws, to achieve a balanced distribution of ' 
the necessary assembly pre-load to the tight-fitting flange surfaces. Often standard sealing 
rings cannot be used due to the available space or due to a necessary nwuimum tightening 
torque, which would lead to unacceptable deformations of the housing parts, or they do not 
lead to the desired tightness. 



Another practise consists in the coating of connecting surfaces and tight-fitting necks of 
fixing screws as sealing method. Due to the fact that a great many of currently used housing 
materials have mostly differing tightening torques and that the demands to the tightness of the 
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housings are different, the behaviour of such coatings cannot always be predicted, these 
coatings are only of restricted use and incur additional effort. 

Therefore the task of the present invention is to create a screwed connection with simple 
means, particularly for multi-screwed connections of housing parts that guarantees a reliant 
and economical tightening function with many uses. 

ADVANTAGES OF THE INVENTION 

This task is solved according to the invention in connection with the generic term of claim no. 
1 in so far as the fixing screws comprise a tight-fitting neck in an area between the screw 
shank and the bolt head, that, when the fixing screw is screwed in, an external area of the 
screw bore which is near the tight-fitting neck is malleably deformed, so as to create a counter 
sealing surface in this area, which produces a seaUng connection together with the tight-fitting 
neck. 

Because the fixing screws comprise a tight-fitting neck, which creates a counter sealing 
surface at the housing top by malleable deformation, production tolerances in the screw bores 
of the housing top can be easily compensated. When the screw is screwed in, a stable and 
economical sealing connection is quasi automatically created. A series of fixing screws with 
tight-fitting necks in connection with the housing parts arranged in a circle produces a reliant 
pressure tight multi-screwed connection of a gear housing for vehicles. 

According to a preferred execution of the invention a circumferential clearance in an area next 
to the respective screw bore is designed as cavity so as to accept material build-ups from the 
area of the counter sealing surface. This clearance can be formed as a trinmiing or as a 
skinmiing. 

The fact that the clearance created from screwing can accept material build-ups avoids 
material pressed aside to settle at unexpected or undesired spots in the area of the bolt head 
and / or the housing top and thus affect the tightness of the screwed connection. This further 
impro ves^the reliance of the s^^ 
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As per a further preferred execution of the invention, the bolt head of the respective fixing 
screw comprises a bolt head connecting surface on the side facing the tight-fitting neck, 
which, when the respective fixing screw is screwed in, tightly fits with the connecting surface 
of the housing top surrounding the respective matching screw bore in an area next to the bolt 
head connecting surface. 

The connecting surfaces increase the support of the fixing screw at the housing top and thus 
the stability of the connection. The tight-fitting neck is advantageously suited, so that the 
connecting surface of the bolt head fits closely on the respective counter surface of the 
housing when the tightening torque is adequately chosen. This can further increase the 
tightness and stability of the connection and the reliability during the installation. The stability 
and tightness demands to a multi screwed connection for a gear housing that has to stand an 
oil pressure of t)^ically several 105 Pa can so be better and particularly advantageously be 
fulfilled. 

According to a further preferred execution of the invention a circumferential tangent 
continuous transition is formed between the tight-fitting neck and the bolt head connecting 
surface of the respective fixing screw. 

The tangent continuous transition allows the sealing connection to better compensate possibly 
occurring uneven surfaces and out-of-roundness at the circumference of the screw bores. 

Following a further preferred execution of the invention, the height and / or the incline of the 
tight-fitting neck in relation to the screw shank is adaptable to the dimensions of the screw 
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This allows the screwed connection to be used at a multitude of differently sized housings. 
This makes it very flexible, also for applications with different screw sizes within a multi 
screwed connection or in complex connections of several housing sections among another. 

According to a further preferred execution of the invention, the height and / or the incline of 
the tight-fitting neck in relation to the screw shank is adaptable to the material characteristics 
of the screw bore. 
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The design possibilities of the tight-fitting neck as to its height (typically between 1 mm to 5 
mm) and as to its incline (typically in a wide angle area between 10° and 80° in relation to the 
screw shank resp. the screw axis) allow the fixing screws to be perfectly adapted to the 
material characteristics, particularly to the material hardness and the connected degree of 
malleable deformation of the area around the screw bore at a defined tightening torque. 
Furthermore, they allow to take into consideration various bigger production tolerances as 
they occur at housing parts. Taking into account the multitude of conunon housing materials 
on the market, this guarantees a high reliability of the sealing connection and its versatility in 
view of the usability. 

In the preferred executions according to the subclaims nos 8 and 9, the tight-fitting neck is 
formed as a conic frustrum or as a spherical sector or as a hyperboloid section, the base of 
which faces the bolt head. 

Due to the various designs of the tight-fitting neck, the adaptability of the fixing screws to the 
material characteristics, the dimensions and production tolerances of the housing parts can be 
further improved and thus their scope of use be further widened. The conic frustrum tight- 
fitting neck forming a sealing cone can be produced particularly easily and economically. 

According to a further preferred execution of the invention, the tight-fitting neck is, at least on 
its surface, made of hardened steel. 

In housing parts, particularly gear housings made of steel, iron or aluminium, a tight-fitting 
neck with hardened steel surface is particularly advantageous to reliantly form the counter 
sealing surface in the respective housing part. In principle, the screwed connection can be ^ 
made of all conmion housing- resp. screw materials or of combinations of suitable chosen > 
different similar materials. 

Further details of the invention are revealed in the following detailed description and the 
enclosed drawings, which exemplarily illustrate preferred executions of the invention. 

The drawings show: " 
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Figure 1 : a section of a screwed connection with a fixing screw in a side view section; the left 
side of the illustration a) shows the fixing screw before being screwed in, and the right side of 
the illustration b) shows the fixing screw when screwed in. 

Figure 2: an enlarged illustration of an upper part of a housing sector; 

a) with a trimming as clearance 

b) with a skitimiing as clearance 

^) 

Figure 3: an enlarged illustration of the fixing screw as section with a tangent continuous 
transition 

Fig. 4: a general outline of an inserted sealing cone in accordance to the invention, as it is 
working together with a screw and an housing bore (without deformation). 

Fig. 5: a general outline of two inserted sealing cones in accordance to the invention, fit into 
each other, as they are working together with a screw and an housing bore (without 
deformation). 

Fig. 6: a general outline and not to scale of a screwed connection with sealing cone in 
accordance with the invention in cold state (stroked line) resp. in warm state (stroke-dotted 
contour). 

Basically, a screwed connection consists of a series of fixing screws 1, by which a housing 
top 6 is screwed together with a bottom part of a housing. 

Fig. 1 shows a section of the screwed connection. For simplification, only one fixing screw 1 > ' 
is shown with the affiliated sections of the housing parts 6 and 7. In fact, the screwed 
connection consists of a series of fixing screws 1, e.g. of a ring-shaped arrangement to form a 
flange connection for the gear housing of a vehicle. The invention will be explained on the 
example of this single fixing screw 1. The description can be transferred to the other fixing 
screws accordingly. 

The fixing screw 1 consists of a bolt head 3 with a bolt head support surface 9, a screw shank 
4 and a screw thread 5. Between the screw shank 4 and the bolt head 3 a tight-fitting neck 2 is 
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arranged, advantageously formed as sealing cone. To accept the fixing screw 1, the housing 
parts 6 and 7 comprise a screw bore 8, whereas the continuation of the bore 8 in the bottom 
part of the housing 7 comprises a female thread 12. 

When the bolt 1 is screwed in (in arrow sense), the sealing cone 2 first touches the external 
rim of the connection bore 8 of the housing top 6 and is then pressed into an external area of 
the bore round when the bolt is screwed in further (right side of the illustration). Thus a 
counter sealing surface 1 1 is formed by a malleable deformation, i.e. a counter cone is 
formed, which creates a sealing connection together with the sealing cone 2 of screw 1. 
Thereby the bolt head connecting surface 9 fits closely with an adjoining upper housing 
connecting surface 10 of the housing top 6. Due to the formation of the sealing connection, 
service fluids such as e.g. gear or hydraulic oils that are inside the housing and that can get 
into the screw bore 8 of the housing top 6 through leaking flange seals and housing ruptures, 
cannot get to the outside. 

The sealing cone comprises a height 13 and an incline 14 (half the standard opening angle) 
with reference to the shank 4 resp. the screw axis. The height 13 and incline 14 of the sealing 
cone 2 can be varied to adjust to the material characteristics of the housing top 6 and 
particularly to the dimensions and production tolerances of the connection bores 8 of the 
housing. 

For this purpose, four suitable combinations of height 13 and incline 14, as well as the 
resulting base diameter of the sealing cone 2, are presented the following table 1 at the 
example of an invention-adequately modified fixing screw size M8 as per DIN 912: 



Cone height 13 
[mm] 



Cone incline 14 



Base diameter 




n 



[mm] 



1 



45 



10,0 



5 



11 



10,0 



1 



51 



10,5 



5 



14 



10,5 



Table 1: design example of the sealing cone 



2 for a fixing screw M8; 
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To accept material build-ups, a clearance can be designed. Fig 2a shows an enlarged 
illustration of the clearance as a phase resp. a trimming 25 at the housing top 6. Fig 2b shows 
the clearance in the shape of a sink resp. a skimming 26 at the housing top 6. 

In a further preferred execution Fig. 3 shows an enlarged section of the fixing screw 1 with a 
tangent continuous transition 37 between the sealing cone 2 and the bolt head 3 to achieve an 
improved compensation of uneven surfaces and out-of-roundness at the housing top 6, 
especially in the area of the screw bore 8. 

Furthermore the following supplements are made: 

1. The tightness and the tightening torque in case of temperature fluctuations and 
different materials with different coefficients of expansion is guaranteed due to the 
particular design of the tight-fitting neck according to the present invention. 

The functioning of the screwed connection is shown in addition to the figures 1 to 3 at 
the example of an aluminium housing and a steel sealing cone. 

When the screws with an internal sealing cone as per Fig. 3 as tight-fitting neck are 
screwed Into the connection bore 8 In Fig. 1, the conical part presses Into the upper rim 
section of the bore. The rim section of the bore deforms In accordance with the pressing 
cone and creates a sealing surface. According to the invention, the upper rim section of 
the bore cannot collapse Into the cavity of the bore 8 In the housing top 6, as would be 
the case with a conventional screw with a short projection. Instead, the upper rim 
section of the bore deforms and Is pressed to the free end of the bore. 

When the above mentioned tangent continuous transition 37 with reference to Fig. 3 is 
additionally used between the projection and the cone section - also called ^^tangential 
rim section" - the sealing characteristics are further improved, as the mechanism is 
similar. The sealing surface is still enlarged, as the deformed material even better fits to 
the tangential section, as the material cannot escape into other directions. The border is 
even better adjusted from the geometrical point of view. 
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To a particular degree, the sealing according to the invention is still tight after a 
multitude of warm/cold-cycles: 

When the screwed connection according to the invention is screwed in up to a defined 
maximum tightening torque in cold state, it is also tight in cold state. 

When the materials warm up and expand due to the temperature increase, the material 
of the housing **flows" into the existing cavities of the housing - in Fig. 1 and 2 up and 
down, resp. flows back to the old shape when the temperature falls. The sealing surface 
does not change its geometry and shape, as the sealing surface in the cone area 2 and the 
tangent area cannot further expand. Consequently, the screwed connection remains 
tight, even with higher temperature, for example, the working temperature of a motor 
or a gear etc., and at a defined tightening torque. 

When the material draws back into the cold state, the deformation draws back into its 
original position. Here the sealing surface itself does not deform, but only the above 
mentioned areas on the outside of the sealing surface do. This allows the tightness and 
the defined tightening torque to be maintained as well in ttie cooled down state. In 
summary the tightening torque of the screw and the tightness do not change after a 
multitude of cold/warm cycles. The tightness and the originally defined tightening 
torque of the screw are maintained. 

This is illustrated in Fig. 6. The sealing cone or the sealing cone component is shaped in 
a way that its sealing contour in combination with the cavities 60 of a housing part 6 is 
formed so that with temperature fluctuations and different materials of sealing cone andi 

^ . ""m: 

housmg 6, 7 with different temperature expansion coefficients the housing expands or * 
shrinks into and out of the cavities 60 and the cone surface 64 of the screw and the 
housing remains basically unchanged, which guarantees a continuous tightening torque 
and tightness. 

2. Re-installation and dismantling in case of repair: 

The tightening torque and the tightness in case of disniantling and re-installation are 
guaranteed with the same tight-fitting neck. The functioning is analogue as described 
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above, with the single difference that in the case of re-use the same tight-fitting neck or a 
new sealing cone can be inserted into the pre-formed bore. 

3. Possible designs and variations: 

The so-called tight-fitting neck 2 with or without tangent continuous transition 37 needs 
not necessarily be an integrated compound of the screw, as shown in Fig. 1 to 3, i.e. it 
needs not necessarily be designed as being one piece with the screw as tight-fitting neck 
2. Instead, it can also be, as is shown exemplarily in Fig. 4, a separate component 40 - 
here called sealing cone - with an internal hole or internal bore and can be combined 
with a standard screw of a matching cross section that passes through to achieve the 
inventive effect. It has a shape the sealing surface of which in principle matches the cross 
section of the bore - or generally speaking of the hole - in the housing 6. In the case of a 
bore, this shape is a rotationally symmetrical shape with a sealing contour, as described 
above for the tight-fitting neck. Furthermore, it has a sealing surface 42 designed for the 
tightening fit of the bolt head normal to the axis of the internal hole. 

Should the connecting hole, which is a component of the exemplary screwed connection 
in the above described execution examples and which connects the top and the bottom 
parts of the housing, have a non-round cross section, it goes without saying that the 
'^sealing cone" can have at its external surface a matching non-round shape, i.e. from the 
geometrical point of view it is no longer a cone, and the so-called sealing cone can then 
itself have an internal bore which comprises a further internal cone that can work as a 
sealing surface when it is combined with a screw with tight-fitting neck according to the 
invention or with a standard screw with a separate internal sealing cone. This provides 
the advantage that non-round connecting holes as well can be sealed, such as may be 



The sealing principle of the present invention can thus be repeated "interlocking", as is 
exemplarily illustrated in Fig. 5. 

In the preferred execution, the sealing cone is harder as compared to the housing 
material, so that the rim section of the bore in the housing gets deformed more easily, 
ref. Fig. la) and Fig. lb). 



forced by the application in an individual case. 
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4. Applications: 

The present invention can be used in the most different technical areas. It is particularly 
suitable when high demands to the screwed connection are made as to tightness and 
stability at different temperatures and materials. 



